This paper details an experiment designed to explore the trading behaviors of investors that result from psychological biases and social interactions. In total, 88 investors were tracked for 6 months and 40,795 transactions were recorded. The research conducted an experimental survey and estimated a system analysis model to generate several important conclusions. First, the degree of regret bias and the disposition effects are unrelated, probably because the professional training of investors and the disposition effects are not significantly related. Second, if investors are affected by contradictions arising from their decisions, then the likelihood that they will sell a stock will decrease as the investor relationships in the community improve and the regret bias increases. Third, male investors prefer to trade derivatives, and even after controlling for the degree of regret bias, this preference is still significant.
Introduction
Understanding investors' trading behaviors is a common focus for both the financial industry and financial economic research. Many factors that affect investor trading have been previously identified, such as the use of momentum strategies for buying or selling securities [1] [2] and asset allocation, which is a greater effect on personal finances. The relationships among these variables and the impacts of their interactions on investors' trading behaviors and asset allocation are interesting but difficult to study. A person's mental state is often inscrutable. People's ideas are difficult to predict, and it is these ideas that affect their investment behaviors [11] . The most common example is regret bias. Kahneman and Tversky used prospect theory to explain the impact of regret bias on investment behavior [12] . This relationship between regret bias and investment behavior has also been supported by other studies [13] [14] [15] [16] . However, certain studies only utilized qualitative reasoning and did not employ transaction data, which are needed to verify the robustness of the conclusions. This paper is based on the virtual transactions of investors and the results of a matching questionnaire. The first objective of this study was to demonstrate a relationship between the regret bias effect and the disposition effect in order to explore the influence of psychological bias on transaction behavior.
In addition to regret bias, investors are also affected by their environments, which influence their trading behavior; herding behavior is one example where trading activities are affected by the environment [3] [6] [17] . People are social animals and establish their own social relationships. Themes of common interest and opportunities to communicate directly cause investors to more readily listen to others' suggestions and trade stocks [7] [18] [19] [20] . However, people have varying degrees of psychological bias, and not all people have the same social relationships. Therefore, if members of a group have differing opinions and ideas, contradictions will arise in the decision-making process, and their investment behaviors will change. For example, if an investor is motivated by regret bias to sell a profitable stock, but the community believes that the stock is promising and plans to buy shares of the stock, the investor may choose to sell his or her shares or continue to hold onto the stock. This paper argues that a stronger interaction effect corresponds to a higher probability that a contradiction will arise from the investor's decision which, in turn, can delay the investor's decision to sell the stock. A similar discussion has not been previously published, although this argument can explain investors' decisions to buy instead of sell a stock that has a strong reference value. The second objective of this article was to explain this phenomenon.
Finally, the trading behaviors of investors are also affected by the individuals' characteristics, such as their emotional responses and abilities to interpret market information [21] . Other characteristics include gender, age, stress, experience and relevant external stimuli [8] [22] [23] . Several previous studies have assessed the effect of gender on trading behavior [24] [25] [26] . These researchers believed that because women have a lower degree of overconfidence, female investors are more careful investors than men [27] . In addition, past research has indicated that women have a high degree of perceived risk aversion [9] [10], their risk attitude is more negative [28] and their asset allocation is relatively conserv- investors. This paper is organized as follows: Section I includes the introduction and provides the statement of purpose for this study; Section II presents the theory and assumptions; Section III reviews the methods of the study, including the choice of data, the experimental design and the model; Section IV contains the empirical analysis and the system estimation model used to perform the data analysis. Finally, the last section provides conclusions and recommendations and discusses the results.
Theory and Hypotheses
This section reviews the relationship between the variables and specific theoretical studies. Additionally, this section establishes the hypotheses that served as the basis for the empirical analysis.
Because investors who buy securities are afraid of loss, they often sell off a portion of their profitable stocks, even if these stocks have not yet generated high profits. This behavior is driven by the fear of a sudden stock price reversal.
Investors fear incurring losses, since this could generate serious psychological regrets. Conversely, stock investors may remain hopeful that they can "turn around" stocks that are gradually losing money, thus avoiding an acknowledgment of their decision-making errors [12] . Regret bias inspires investors to adopt a "sell surpluses and hold losses" mentality. It causes investors to sell their were to become a societal trend, the future development of the stock market would be difficult to control, and a price collapse would occur [20] . Thus, as the herd effect of investors becomes more prominent, the stock market is subjected to an increased level of distortion.
As the investor community relationship improves and social interactions become stronger, the chances that direct communication will take place, that investors will listen to the views of others or that investors will adjust their original stock portfolios, will improve [17] [37] . All this leads to a more prominent herd effect [7] [20] . Because of regret bias, investors are prone to making decisions that generate future contradictions and consequently reduce the occurrence of sell orders. Investors who have good social relationships suffer from regret bias because they are more likely to listen to the views of the public when trading stocks. When buying securities, investors may rely on their own views or the recommendations of market investors. In contrast, investors will consider selling their stocks based on one or more of four scenarios. First, investors will sell a profitable stock if most people have a negative view of its future profitability. Second, in the opposite case, investors may want to sell a profitable stock, but other people may hold a positive view of the stock. In this case, investors will suffer from internal conflict and will not know whether to sell or to continue to hold onto the stock. Third, investors will continue to hold onto a declining stock because of the impact of regret bias when other people hold a negative view of the stock's future price. In this case, contradictions will arise in the investors' de- cision-making process, and investors will not be able to determine whether to sell or continue holding onto their shares. Finally, if a stock is declining but the public is optimistic about its future trend, investors are likely to buy more shares of the stock because of the combined impact of regret bias and the herd effect. Although the stock is losing money, investors will continue to hold onto the stock. For these reasons, investors who suffer from a high degree of regret and have better relationships with the investment community will lose touch with their original reasoning because of the interaction between these two effects. The investor's decision-making process will suffer from contradictions that prompt them to distance themselves from their original rationale. Because of their psychological hesitation, they will decrease their number of sell orders, and this will significantly reduce the probability of selling the stock. 1 In other words, the investor's selling rate should show a downward trend due to the interaction between these two psychological biases. Accordingly, we propose Hypothesis 2.
Hypothesis 2: Investors with a higher degree of regret bias and better relationships within the investment community will sell their stocks at a lower rate than other investors because of the effects of decision-making conflicts. Maital is also true in corporate finance, where women managers are more careful when making decisions because they tend to exhibit less overconfidence than men [27] . In addition, in a review of financial risk preferences and financial management areas (i.e. financial domains), Vlaev et al. determined that women are relatively more risk-averse than men [10] . Similarly, in a questionnaire-based study of Turkish financial advisers, Tutek et al. noted that female financial advisers, at the same risk level, could offer more valuable advice on controlling risk because women are more risk-averse [8] . Men and women have different levels of risk aversion and different risk attitudes. Women use asset allocation strategies that are more conservative than those of the men [29] . For these reasons, Arano et al.
argued that because men have a higher degree of overconfidence and a lower level of risk aversion than women do, men are more likely to be tempted to seek 1 With respect to the contradictions arising from the decision-making process, investors will sell their stocks in the first scenario. In the second scenario, although the number of sell orders is reduced, there is still the possibility of selling the stock, and the probability of each of the hypotheses is 1/2. The third scenario is also uncertain; there is a possibility that the stock will not be sold. The probability of each of the hypotheses is again 1/2. The fourth scenario is to not sell the stock; i.e. when considering all of the criteria and the equal distribution of the hypotheses, the probability of selling stock is 1/2(1/4 + 1/4 × 1/2 + 1/4 × 1/2). Compared to the original conditions, the probability of an investor selling his or her securities decreased from 1 to 1/2, which is clearly a large decrease. According to this reasoning, the proportion of sell positions among all trades will decrease.
Data and Research Methods
This section describes the objectives, data collection processes and models of the study. The detailed discussion of the model also includes the measurements of the variables, the experimental design and the measurement methods. In this section, we describe the construction of the models of regret bias, social relationships, gender and transactions.
In this study, Taiwanese investors in emerging Asian markets were used as the subjects. Because the investors' transaction records are protected by local laws and are not readily available, we used other financial data for the analysis. This data collection process is similar to the methods used by Oehler et al., Weber and Camerer, and Chui [16] [38] [39] . The subjects were students from the finance department of a university in Taiwan. After issuing 101 questionnaires, we collected 93 responses. We then checked the trading data from the period of study and excluded invalid questionnaires and unreasonable trading practices.
We obtained a total of 88 valid questionnaires and recorded 40,795 transactions.
Source
Concurrent with the questionnaire study, the respondents participated in a virtual trading competition. The investment period was 6 months, and an investment amount of NT$5 million was granted (In the Taiwan Stock Market, only ordinary investors are considered, and securities dealers are given a credit line ranging from NT$3 million to NT$5 million. Therefore, to simulate an actual trading situation, the students were given a balance of only NT$5 million), which could be traded for financial products, including stocks, futures and options. The students were also allowed to engage in credit transactions. This design is in accordance with the general conditions in which investors operate.
Thus, the experimental data closely resembled the content of actual transactions.
The positions held and the price changes in virtual trading and actual trading are no different. A system vendor was then asked to provide a field audit of the digital processing and check for accuracy. Transactions with unusual numbers were removed. On average, there were 463 transactions per person during the period of the study.
Research Methods

Measurement of the Variables
This study used six variables: regret bias (RB), the disposition effect (DE), social relationships (SR), the ratio of sell orders (TO), gender (DUMMY) and asset allocation ratio (AL). The RB, SR and DUMMY data were obtained from the sur- [40] . This measurement is often used in the industry and therefore has good reliability and validity. There were three questions in the questionnaire. Each question had three answers, and the answers were sorted based on the magnitude of regret bias. In this paper, the answers were expressed as points (5 points, 3 points and 1 point). The first answer (5 points) indicates the greatest amount of investor regret bias. Therefore, a higher average total score corresponded to a greater extent of regret bias. There were four questions regarding social relationships. Three questions referred to Hong et al.'s questionnaire, whereas the last question was an amendment that measured the increase in the density of the investors' social networks [7] . There were three options for each question. The investors who selected the first option (5 points) had stronger social relationships. Therefore, higher average scores were associated with investors' stronger social relationships. Gender was a dummy variable with a value of 1 for male and 0 for female. The disposition effect was calculated by referring to Weber and Camerer's study, which used the α coefficient as a proxy for the disposition effect; α was calculated according to the following equation: (the number of shares sold at a profit − the number of shares sold at a loss)/(the number of shares sold at a profit + the number of shares sold at a loss) [38] . When the α coefficient was significantly greater than 0, the investors exhibited the disposition effect. The ratio of sell order values was calculated by dividing the number of shares sold by the total transaction amount. A higher ratio of sell order values corresponded to a higher proportion of sell orders [41] . Finally, the paper calculated the asset allocation ratio values by recording the number of derivatives, which accounted for the weight of all financial products in each portfolio [42] [43] . A higher asset allocation ratio corresponds to a larger proportion of capital allocated to derivatives.
Design of the Experiments
In this study, each investor was assigned a number ranging from 1 to 88, and then the corresponding virtual transactions were analyzed. First, the data for the six variables (RB, DE, SR, TO, DUMMY and AL) were uploaded for each investor. The RB, SR and DUMMY data were derived from the questionnaire, whereas the DE, TO and AL values were calculated using data from the virtual transactions. Second, the subjects were divided into four groups based on the extent of regret bias. The upper 1/4 of the samples had the least degree of regret bias, and the lower 1/4 of the sample had the greatest degree of regret bias. Each group had approximately 22 investors. Similarly, the respondents were divided based on the quality of their social relationships. Third, the disposition effects of the groups were divided based on regret bias to determine whether the differences among the groups were significant. Next, the ratio of sell orders was calculated for the groups with the highest degree of regret bias and the strongest social relationships. This ratio was then compared with the ratio of sell orders of the groups with the least degree of regret bias and with the least developed social relationships to evaluate the differences between the two groups. Finally, in the regret bias groups, the male and female investors were separated and the ratio of asset allocation was calculated for the two groups to determine whether there were any differences between the groups.
System Estimates Model
To determine the robustness of the results, this paper used an alternative set of equations, the weighted least squares (WLS). The advantage of this approach is that the system equations can incorporate all of the variables into the equation, which has full use of the other information from the equations, to increase the explanatory power of this equation. For example, gender may have an impact on the disposition effect, and the ratio of sell orders (turnover rate) may also affect the disposition effect [32] . Additionally, because the herd effect will result in irrational trading behavior [4] , social relationships may also affect the disposition effect. Therefore, the system equations were used to link the multiple effects. The variables are shown in Equation (1) below. The variable definitions are described in Section 3.3.1. The variables were multiplied to represent the interactive effect;
α is the intercept coefficient and β i is the coefficient for the individual variables. The regression coefficient was estimated in Equation (2) 
Results and Discussion
This section contains the empirical analysis, which includes the descriptive statistics, hypothesis t-test and robustness analysis for the estimated models.
Descriptive Statistical Analyses
Six variables were used in this study: DE, RB, SR, TO, DUMMY and AL. Table 1 presents the descriptive statistics of the variables, including the number of individuals (N), mean (Mean), median (Median), minimum (Min), maximum (Max) and standard deviation (Std). For example, the Mean of DE is −0.0577, the Median is −0.0490, the Max is 1, the Min to −1 and the Std Dev is 0.4947 (Table 1) . With the exception of the disposition effect, the averages of the other variables are all positive. In addition, based on the standard deviations, the regret bias C. M. Ho showed the largest variability among the investors, whereas the difference in the ratio of sell orders was the smallest. Additional detailed data are shown in Table  1 .
Hypothesis Testing
Verification of the Relationship between Regret Bias and the Disposition Effect
To test Hypothesis 1, the impact of investors' regret bias on the disposition effect was evaluated. In other words, it was determined whether a positive relationship existed between the two variables. The results from the t-test analysis of the influence of regret bias on the disposition effect are shown in Table 2 . This paper predicted that the difference in the average disposition effect between the lowest and the highest groups should be significant. However, the average DE value in the lowest regret bias group was −0.1049, and the average DE value in the highest regret bias group was −0.0804. Although the average difference was 0.0245, the t-value was not at the 10% significance level. Therefore, unlike the conclusions of Chong and Goo et al., the observations presented here do not support Hypothesis 1 [14] [15] .
It was unclear why the regret bias effect showed a significant positive relationship with the disposition effect. Further analysis demonstrated that the coefficient of the disposition effect for all investors was −0.0577 (see Table 1 ). The t-test showed that this relationship was not significantly greater than 0 (t = −1.09374, p = 0.2771). In other words, the disposition effect was not significant for any of the investors. In addition, because the students who constituted the samples were from the finance department of a Taiwanese university, and because these students may have been affected by the professional training they had undertaken, the students were less prone to engaging in irrational trading behavior. These two factors may explain the lack of support for our hypothesis.
Although this study did not find significant support for the effect of regret bias on the disposition effect, when the data in Table 1 and Table 2 are compared, the variables still had economic implications [12] . Additionally, the investors generally had psychological biases (RB = 3.2915). However, after undergoing 
Verification of the Impacts of Regret Bias and Social Relationships on Trading Behavior
Hypothesis 2 was designed to verify that the investors with more regret bias and better social relationships lose touch with their original judgments due to contradictions that arise during their decision-making processes. As a result, these investors sell fewer shares of their stocks and thus reduce the number of their sell orders. In other words, this study intended to confirm that the average number of sell orders of the lowest group (in terms of both regret bias and social relationships) would be significantly higher than the average number of sell orders of the highest group. Table 3 provides the results of the t-test of sell orders for the different regret bias and social relationships groups. The average TO in the lowest group was 0.4482, whereas the average TO in the highest group was 0.3642. The difference in the average TO for the two groups was 0.084 (t = 1.9813, p = 0.0559), which was statistically significant at the 10% level; thus, Hypothesis 2 was supported. Figure 1 shows that the negative effects of regret bias and community relationships have an inverse effect on the rate of sell orders. The implications of this result are two-fold. First, all of the stocks bought on the advice of a friend lost money. However, due to the impact of regret bias, investors were reluctant to sell their stocks. Therefore, the stock selling rate will be low. Conversely, the second implication is that the stock recommended by a friend might have the potential to increase in value in the future. Therefore, to obtain large profits, investors will not sell the stock, and the selling rate will be low. If the investors' sell rate declines and the overall market environment is poor (i.e. the stock market is falling), the stock cannot be sold at all. In this case, the supposition of Maital et al.
will become reality [21] . this study, men were assumed to have a higher degree of overconfidence, to be less risk-averse, to more likely take risks to generate profits and to be more likely to allocate capital to derivative assets compared to women. Table 4 presents the t-test results for the ratio of derivatives for the two genders. The data from the table show that the average ratio of derivative asset allocation for female investors was 0.19, whereas the average ratio for the male investors was 0.3952. The difference in average AL values between the two groups was −0.2052 (t = −2.5005, p = 0.0143) and was statistically significant at the 5% confidence level.
Verification of Assumptions Regarding Gender, Regret Bias and the Allocation of Derivative Assets
Thus, there is preliminary support for Hypothesis 3.
The samples were further divided into groups according to the degree of regret bias. We then analyzed the influence of gender on the ratio of derivative asset allocation. The method used here was similar to the methods used in 4.2.1 and 4.2.2. Table 5 presents data derived from the t-test of gender differences on the ratio of derivatives allocation in the lowest regret bias group. According to the table, the average value of the female investors' derivative asset allocation was 0.2690, whereas the average value for the male investors was 0.7891. The difference in the average AL between the two groups was -0.5201 (t = −2.6966, p = 0.0143), which is statistically significant at the 5% confidence level. presents data derived from the t-test of gender differences on the ratio of derivative allocation in the highest regret bias group. According to the table, the average value of the female investors' derivative asset allocation was 0.0609, whereas the average value for the male investors was 0.2636. The difference in the average AL values between the two groups was −0.2027 (t = −1.8614, p = 0.0775), which was significant at the 10% confidence level.
In contrast, the data in Table 6 and Table 7 provide different results. After controlling for the degree of regret bias, we found no difference between the genders with respect to the ratio of derivative asset allocation; i.e. the influence of gender on the ratio of derivative asset allocation exists only at two extremes. Therefore, we sought to determine the impacts of gender and regret bias on the allocation of capital into derivative assets. Figure 2 displays the derivative asset allocation as a function of the gender and regret bias. The trends in this graph show that in the groups with less regret bias, the male investors allocated the most capital to derivative assets, whereas in the higher regret bias group, the female investors allocated the most capital to derivative assets. Although the data in Table 6 and Table 7 show that the impact of gender differences on derivative asset allocation was not significant; on average, the male investors allocated more capital to derivative assets than the female investors did. This conclusion does not violate Hypothesis 3.
System Estimation Model
In this section, simultaneous equations were used as a system model. The interactive changes between the variables were observed and the results of the three hypotheses were further validated. Table 9 presents the weighted least squares regression coefficients. The three estimate models are described in detail in Section 3.3.3. Table 9 shows that the coefficient C (2) Table 7 . Results of the t-test of the effects of gender on the ratio of derivative asset allocation: the second highest regret bias group. This table groups the respondents by their gender (DUMMY) and regret bias (RB). The data show the t-test result for the mean differences between the female and male investors with respect to the derivative asset allocation ratio (AL). . R-squared of Equation (1) = 0.000975; R-squared of Equation (2) = 0.116137; and R-squared of Equation (3) = 0.140155. C(1) -C(10) are the regression coefficients estimated by means of the system equations. For example, the coefficient C(9) was +0.5090 and was significant at the 5% confidence level. Table 9 . Figure 3 depicts the residual after estimating the system equation. Based on the changes shown in the graph, the residuals of each equation were centered about the 0-axis. This finding shows that the estimated situation was not problematic. The system equations showed that the directions of the variables of the underlying assumptions did not change.
Conclusions and Recommendations
The purpose of this study was to explore the influences of psychological bias, social relationships and personal characteristics on trading behavior. relationship between regret bias and the disposition effect was not observed. There are several reasons for the non-significance of these results. First, the lack of significance may be related to the professional training of the investors and the insignificance of the disposition effect, as argued by Locke and Mann [45] . Second, the investors with greater regret bias and better community relationships sold fewer shares of their stocks than other investors because of the contradictions arising from their decision-making processes, thus supporting Hypothesis 2. Third, Hypothesis 3 was supported. Even after controlling for regret bias, we found that male investors tended to exhibit overconfidence more often than women did and preferred to trade derivatives. In addition to supporting the findings of Arano et al. and other researchers, the conclusion implies that men have a higher degree of overconfidence than women do, and male investors make more careless investment decisions than female investors do [27] [29] . The results of this paper were derived from the observations of 40,795 transactions made by 88 investors over 6 months. Although the trading platform, trading mechanism and the amount of funds were modeled on real trading situations, there may have been certain differences between the model and the actual investment scenario. Grinblatt and Keloharju discussed several factors that may affect investors' trading behavior [46] . These factors include the reference price effect, the effect of volatility, miscellaneous stocks and investor attributes, all of which serve as determinants of sales and tax-loss selling. This study did not discuss these impact factors. Additionally, because the disposition effect was not found to be significant, the relationship between regret bias and irrational investment behavior was not confirmed. This result may have been related to the division of the investment period and the relevant variables [23] [32] [33] . In the future, we will attempt to combine these two directions to expand the research model and further study the relationship between psychological biases and irrational investment behavior.
